Biological apatites contain many trace elements, such as Mg2+, Fe2+, CO32-, and F. These elements can affect significantly the physicochemical properties of apatites. Furthermore, the substitution of certain trace elements in the apatite crystal influences biological metabolism. Magnesium, for example, seems to promote the proliferation of osteoblasts and thereby the formation of bone.
INTRODUCTION
Inorganic materials of human hard tissues such as bone and teeth are composed of hydroxyapatite.
However, biological apatites contain a lot of trace elements and have different crystallographic properties 1. Tooth enamel is well-crystallized, in contrast of poorly-crystallized dentine and bone ( Fig. 1) .
It is well recognized that a number of elements can be substituted in the apatite crystal structure 2. The behavior of many trace elements has been reported. It is said that most elements in the periodic table can be introduced into apatite crystals. Both cationic and anionic ions can substitute for Ca2+ and PO43-or Off.
Furthermore, some of these substituted ions contribute to metabolism in the human body and cell adhesion. From the viewpoint of ionic charge balance, divalent ions are easy to substitute. Of course, this depends on the ionic radius 3.
CATIONIC IONS
One interesting ion is Mg2+. Magnesium exists in minerals, especially as a phosphorus complex in bone, and in chlorophyll in plants. It is known to be closely related to the metabolism and physiology of the human body 4. Hexokinase, for example, which transfers a phosphoryl group from ATP to a variety of six-carbon sugars, requires Mg2+ for activity in the human cells. Given that human hard tissues contain certain amounts of magnesium, Mg2+ may play an important role in the initial formation of tooth apatites and have a significant effect on their physicochemical properties. However, since magnesium is a minor constituent of human enamel, dentine and bone 6, the nature of its association with the mineral phase, especially hydroxyapatite, and its contribution to the properties of biological apatites are still not clear.
Since this ion has a smaller radius (0.064 nm) than the Ca2+ ion (0.099 nm), it was initially thought to be difficult to introduce Mg2+ into the apatite crystal. Mostly, magnesium was considered to be adsorbed at the surface of the crystal 7 or combine with organic compounds 8. Iron, an indispensable element for life, forming for example the core of hemoglobin molecules in red cells 5, is also a trace element in tooth mineral 1. In East Asia tooth blackening "Ohaguro" was traditionally applied, and the agent used contains iron, which could have contributed to caries prevention 15.
Iron accumulates in the outer surface of the enamel.
Analyses of total enamel have shown considerable variation in the iron content of individual human teeth, probably due to differences in iron ingestion and age 5. However, the form in which iron is deposited in the enamel and the mechanism of its acquisition are unknown. There is some evidence that iron is a component of the organic matrix of enamel 16, and it has been postulated that it may serve as a bridge between the matrix and mineral phase 17. Such a mechanism would be of limited significance because these findings do not prove the accumulation of iron in the outer surface of the enamel. The decrease in the c-axis dimensions was not significant. A ferrous ion has the same charge as a calcium ion, but a smaller radius, 0.075 nm as opposed to 0.099 nm2.
Therefore, it seems reasonable that a contraction of lattice dimensions occurs when Fe2+ ions substitute for Ca2+. Fe3+ ions would be less likely to occur at Ca2+ positions than ESCA analysis clearly showed a negative gradient of Mgls intensity (atomic concentration) of magnesium from the crystal surface toward the inner core (Fig. 6 ).
The WST cell growth assay of mouse MC3T3-E1 osteoblast cells incubated on the surface of the composites showed similar optical densities between the control CO3Ap-collagen composite and the FGMgCO3Ap-collagen. This suggests that cell growth was good and that there was no significant inhibition in relation to the components of each sample.
In the cell adhesion assay, after the nonadhering cells were insed off, the optical density of the FGMgCO3Ap-collagen composite was higher than that of the CO3Ap-collagen composite.
Furthermore, a cell adhesion assay with a radioisotope showed that the adhesion fraction of the FGMgCO3Ap-collagen composite was larger than that of the CO3Ap-collagen composite and much larger than that of Ti plate as a control (Fig. 7) . After 4 wks of incubation, many more osteoblasts adhered to Apatites with Trace Elements formation of magnesium was confirmed. In addition to biocompatibility, therefore, it is suggested that the binding of cells to biomaterials plays an important role in the rapid restoration of the defective area.
The apatite crystals showed no special function on the surface but did promote cell adhesion. Furthermore, as a scaffold material, the FGMgCO3Ap-collagen composite apparently contributed to bone formation.
Since this composite is easy to process into any form, it is extremely useful in the reconstruction of bone defects. Thus, trace elements in apatite crystals are closely related to biological metabolism and physiology. Bone apatites act as a store of trace elements in addition to a skeletal structure.
